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Abstract
Background: At the present four minimally invasive procedures 
namely retroperitoneoscopic (RPDN), laparoscopic (LPDN), hand-
assisted retroperitoneoscopic (HARDN) and hand-assisted laparo-
scopic donor nephrectomy (HALDN) are used to perform donor ne-
phrectomies. The current evidence based on retrospective studies and 
on pairwise only meta-analyses is inconclusive. Up to authors’ best 
knowledge there is no so far network meta-analysis to compare all 
the above-mentioned procedures. Therefore, a network meta-analysis 
was conducted to compare the feasibility, safety and reproducibility 
of the four donor nephrectomies procedures.
Methods: Google Scholar, EMBASE, PubMed, and Cochrane library 
were used for a systematic literature search. Both updated pairwise 
and network meta-analyses were performed.
Results: Compared to LPDN there was evidence of significantly more 
right kidneys retrieved with RPDN; nonsignificant differences demon-
strated both with HALDN and HARDN compared to LPDN. There was 
evidence that the operative time was significantly shorter by 77 min in 
RPDN compared to LPDN; on the other hand, HARDN and HALDN 
did not demonstrate significant differences when compared to LPDN.
Conclusions: The present study demonstrates that each approach can 
be applied safely in adequately selected patients. Moreover, retrop-
eritoneoscopic is reliable, safe and easily reproducible alternative of 
LPDN for both left and right kidneys.
Keywords: Retroperitoneoscopic; Laparoscopic donor nephrectomy; 
HALDN; HARDN; Safety
Introduction
The era of laparoscopic donor nephrectomy (LPDN) was in-
augurated in 1995 by Ratner [1]. Afterwards, a randomized 
controlled trial (RCT) demonstrated that LPDN is associated 
with less pain, shorter recovery period and superior quality of 
life compared to open approach [2]. Consequently, individual 
studies and Cochrane review reported that LPDN is associated 
with major intraoperative complications that rarely happened 
with open approaches [3, 4]. In order to avoid complications 
associated with challenging steps of the laparoscopic proce-
dures some centers introduced and preferred the hand-assisted 
laparoscopic donor nephrectomy (HALDN) [5].
Furthermore, as an alternative to LPDN, the hand-assisted 
retroperitoneoscopic donor nephrectomy (HARDN) and retro-
peritoneoscopic donor nephrectomy (RPDN) were introduced, 
which combine the benefits of endoscopic procedure, hand-
guided surgery, and the retroperitoneal access [3].
The existing evidence based on individual studies and on 
meta-analyses of a small number of patients is not strongly 
conclusive for the superiority of one approach over the other; 
and their results may had been influenced by institutional bias 
and underpowered samples. Up to authors’ best knowledge 
there has been no network meta-analysis comparing LPDN, 
HALDN, RPDN and HARDN. Therefore, the first network 
meta-analysis was conducted to compare the feasibility, safety 
and reproducibility of the four minimally invasive donor ne-
phrectomies.
Materials and Methods
The systematic search of the literature was conducted accord-
ing to guidelines of the preferred reporting in systematic re-
view and meta-analysis (PRISMA) checklist [6].
The Institutional Review Board (IRB) approval was not 
applicable; and the ethical compliance with human was not ap-
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plicable because this study does not contain any studies with 
human participants or animals performed by any of the author.
Literature search
EMBASE, MEDLINE (PubMed), Cochrane library, and 
Google Scholar databases were searched systematically using 
free text and MeSH terms (retroperitoneoscopic; transperito-
neal; standard donor nephrectomy; living donor nephrectomy). 
Consequently, a search was conducted on www.clinicaltrials.
gov to detect grey literature. Further search was conducted in 
the cited references of the retrieved articles to detect adequate 
articles. Any disagreements were resolved by consensus.
Study, selection, and inclusion and exclusion criteria
RCTs, retrospective studies, and case-matched studies that 
compared RPDN, LPDN, HALDN, and HARDN were includ-
ed in this study.
Data extraction and outcomes
Two authors (PG and VP) independently detected the follow-
ing parameters and data: age, body mass index (BMI), gen-
der, right kidney retrieval, renal arteries more than one, cold 
ischemic time (CIT), warm ischemic time (WIT), operative 
time, estimated blood loss (EBL), delayed graft function, pri-
mary non-function, graft lost during the first month, creatinine, 
ureteral stricture, urine leak, renal artery stenosis, vein throm-
bosis, hospital length of stay; postoperative pain on day 1, 2, 
and 3.
Risk of bias assessment of included studies
The validated Newcastle-Ottawa scale (NOS) was used to as-
sess the methodological quality of the included studies; high-
quality studies were considered those that scored ≥ 7 points [7].
Statistical analysis
First, a pairwise meta-analysis was conducted for studies that 
compared two of the laparoscopic donor nephrectomies ap-
proaches. Subsequently, a network meta-analysis was conduct-
ed to compare RPDN, LPDN, HALDN and HARDN. Statisti-
cal analysis was performed using General mixed treatments 
comparisons (GeMTC) software [8].
Hierarchical random-effects models were used to conduct 
network meta-analysis. Consequently, fixed-effects model was 
used and the results of the two models were compared to detect 
any discrepancy between them [9]. A fixed-effects model was 
also used to estimate whether any discrepancy could be detect-
ed between the results of the two models. The point-estimate 
was defined as the median of the posterior distribution based 
on 200,000 simulations; the corresponding 95% credible inter-
vals (CrIs) were obtained using the 2.5th and 97.5th percen-
tiles of the posterior distribution, which can be interpreted in 
a similar way as 95% confidence intervals (CIs) [10]. Hetero-
geneity and inconsistency of the indirect and direct evidence 
for the three surgical interventions were assessed by using the 
node splitting method [8-11].
Dichotomous variables were analyzed based on odds ra-
tios (ORs) with a 95% CI. For studies that did not report the 
means and variances for the two groups, these values were es-
timated from the median, range, and size of the sample, when 
possible, using the technique described by Hozo et al [12].
The significance level in all analyses was set at P < 0.05.
Sensitivity analysis
Both random and fixed effects models were used to assess the 
impact of heterogeneity on the results. Consequently, the re-
sults of the traditional and network meta-analysis were com-
pared to detect any discrepancies between them.
Results
Search strategy and included study characteristics
Eight studies including 769 patients were selected from a pool 
of 97 studies (Fig. 1, Table 1 [13-19]). Of these patients, 403 
(53%) and 366 (47%) underwent RPDN standard or hand-as-
sisted and LPDN standard or hand-assisted, respectively [13-
19]. Three compared RPDN to HALDN [14-16], and three of 
HARDN vs. LPDN [13, 18, 19]. Ruszat et al [16] compared 
LPDN vs. HALDN vs. RPDN. Troppmann et al [17] compared 
HARDN to HALDN. The methodological quality of studies 
was high; all of them scored more than 7 (Table 1 [13-19]). 
Demographic characteristics demonstrated nonsignificant dif-
ferences between the cohorts (Tables 1, 2 [13-19]).
Statistically significant results of pairwise meta-analysis
1) Right kidney retrieval
There was evidence that significantly more right kidneys re-
trieved in the RPDN standard and hand-assisted cohorts (25%) 
compared to LDN standard and hand-assisted cohorts (4%) 
(OR = 5.43 (1.10, 26.67), P = 0.04).
2) Operative time
There was evidence that operative time was significantly 
shorter by 37 min in RPDN standard and hand-assisted cohorts 
compared to LDN standard and hand-assisted cohorts (mean 
difference (MD) = -36.96 (-54.68, -19.68), P = 0.01) (Table 2, 
[13-19]).
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Statistically nonsignificant results of pairwise meta-analysis
Nonsignificant differences were detected in the variables of 
multiple arteries, conversion to open, EBL, WIT, intraopera-
tive complications, postoperative graft complications, post-
operative day 1-, 2-, 3- pain, and length of stay between the 
cohorts.
Statistically significant results of network meta-analysis
1) Operative time
There was evidence that RPDN and HARDN operative time 
was significantly shorter by 77 and 44 min compared to 
LPDN, (MD = -77 (CrI: -1.3, -22), MD = -44 (-86, -2.1)), 
respectively, (Fig. 2, Supplementary Material 1, www.jocmr.
org).
2) Right kidney retrieval
There was evidence that significantly more right kidneys re-
trieved with RPDN procedure compared to LPDN (OR = 1.5 
(CrI: 47, 3.7). HALDN and HARDN demonstrated nonsignifi-
cant differences compared to LDN (Fig. 2)
Statistically nonsignificant results on network meta-analysis
There was evidence of nonsignificant differences in the vari-
ables of age, BMI, male gender, multiple arteries, EBL, WIT, 
length of stay, intraoperative and postoperative complica-
Figure 1. Diagram of the search strategy.
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tions between the cohorts (Supplementary Material 1, www.
jocmr.org).
Sensitivity analysis
No discrepancies were detected between the results of the 
fixed- and random-effects models. In addition, no discrepan-
cies were detected between the results of the pairwise and 
network meta-analysis. Moreover, network meta-analysis con-
firms that standard and hand-assisted RPDN demonstrate sta-
tistically significant shorter time compared to LPDN.
Discussion
The present study demonstrates that RPDN both its variations 
standard and hand-assisted demonstrated significantly shorter 
operative time compared to LPDN.
The shorter operative time can be explained with the obvi-
ating need to mobilize the colon and duodenum during the re-
troperitoneoscopic procedure [20]. Another reported privilege 
of retroperitoneoscopic procedure that may shorten the opera-
tive time is the rapid and easier access of the renal hilum allow-
ing better exposure of the renal artery in a retrocaval location 
[14]. Another potential cause that would have influenced the 
operative time is that in many centers the retroperitoneoscopic 
procedure usually follows the transperitoneal [17]. Therefore, 
experienced laparoscopic operators will demonstrate shorter 
learning curve and better results.
Usually, the left kidney is preferred for transplantation be-
cause of its long vein. However, there is a consensus that the 
better kidney should remain with the donor [21]. In the present 
study, both standard and hand-assisted RPDN included signifi-
cantly more right kidneys compared to LPDN.
It has been reported that BMI and gender may affect the 
level of complexity of the laparoscopic procedure [22]. In the 
present study, nonsignificant differences were detected be-
tween the cohorts.
It has been reported that intraoperative complications and 
especially bleeding is the principal cause for conversion to 
open [21]. In the present study, EBL, intraoperative compli-
cations demonstrated nonsignificant differences between the 
cohorts. Therefore, these findings translated to nonsignificant 
differences for conversion rate. Furthermore, WIT demonstrat-
ed nonsignificant differences between the cohorts and taking 
into account this finding with the above-mentioned could be 
explained the nonsignificant differences between the cohorts 
regarding the postoperative graft complications and conse-
quently the nonsignificant differences in length of stay.
Two studies reported postoperative pain evaluation; non-
significant differences were demonstrated between the cohorts.
Sensitivity analysis did not demonstrate any discrepancies 
between the fixed- and random-effects models. In addition, net-
work meta-analysis confirmed the results of the traditional. How-
ever, the results of the present study should be interpreted in the 
context of its limitations. The majority of the studies were ret-
rospective form single centers; therefore, national, institutional 
bias and underpowered sample may have influenced the results.
Conclusions
Up to authors’ best knowledge this is the first network meta-
analysis. It demonstrated nonsignificant differences regarding 
the variables of efficacy and safety between the four mini-
mally invasive endoscopic procedures. Moreover, the shorter 
operative time of both standard and hand-assisted retroperi-
toneoscopic nephrectomy suggests easy reproducibility from 
surgeons experienced in LPDN. Therefore, each of the four 
procedures can be alternatively applied on adequately selected 
patients.
Supplementary Material
Suppl 1. Outcomes of interests of network meta-analysis of 
RDN, HRDN, LDN, and HLDN.
Figure 2. Forest plots of NMA depicting operative time and right kidney retrieval. (a) Operative time. (b) Right kidney retrieval.
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